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Wound healing is a complex and tightly regulated biological process involving the 

sequential phases of hemostasis, inflammation, proliferation, and tissue remodeling. 

Although plant-derived bioactive compounds have demonstrated significant therapeutic 

potential in wound management due to their anti-inflammatory, antioxidant, and 

regenerative properties, their clinical effectiveness is often limited by poor solubility, 

instability, low permeability, and inadequate bioavailability. Phytosomes, lipid-based 

complexes formed through the interaction of phytoconstituents with phospholipids, 

have emerged as an advanced delivery system capable of overcoming these limitations 

by enhancing stability, skin penetration, and systemic bioavailability of plant-derived 

compounds. This review critically examines the role of phytosomal formulations in 

enhancing wound healing outcomes by integrating current knowledge on wound 

pathophysiology, phytosome preparation techniques, and their mechanisms of action in 

tissue repair. Particular emphasis is placed on the ability of phytosome-based systems 

to improve dermal delivery and therapeutic efficacy of phytochemicals involved in 

modulating inflammation, reducing oxidative stress, promoting fibroblast proliferation, 

stimulating collagen synthesis, and accelerating tissue regeneration. In addition, recent 

preclinical investigations demonstrating improved wound healing performance of 

phytosome-based formulations are summarized and analyzed. Furthermore, key 

formulation parameters influencing therapeutic efficiency, along with current 

challenges, limitations, and future research perspectives for the clinical translation of 

phytosomal therapies in wound management, are discussed. By bridging advances in 

phytochemistry and nanocarrier-based drug delivery, this review highlights phytosomes 

as a promising platform for improving the therapeutic potential of herbal medicines in 

modern wound care. 
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Figure Graphical Abstract 

INTRODUCTION 

Globally, wounds represent a critical health 

concern, leading to massive patient morbidity, 

disability and death [1]. Diabetes amplifies the 

burden, affecting 500 million individuals across 

the world. 1 in 3-5 are affected with diabetic foot 

ulcers (DFU), which recur in 40% of cases per year 

and 65% over 5 years, driving higher long-

term mortality [2]. DFUs in the United States are 

associated with a 31% 5-year mortality rate, 

comparable to that of several malignancies, 

serving as a life-threatening condition [3]. 

Worldwide, the prevalence of wounds is steadily 

increasing. Data from the United Kingdom and 

Denmark show 4 cases per 1000 individuals, with 

nearly 15% showing non-

healing wound outcomes [4]. A study from 

Varanasi in India reported an incidence of 1.89 per 

1000, a high magnitude in rural areas [5]. Acute 

wound infection rates can vary between 5.6% and 

26% due to microbial group and tissue damage. 

Pathogens such as Staphylococcus aureus and 

Escherichia coli are responsible for these 

kinds of infections[6]. There are different types of 

acute wounds, including surgical sites, burns and 

trauma. Burn injuries, being severe, account for 

about 75% of mortality worldwide, which is 

around 180,000 deaths per year[7]. The 50% of 

localised wounds that show no indication of 

infection pose a challenge for accurate 

diagnostic assessment[8]. Around 70% of bacteria 

involved in wound infection are 

resistant to antibiotics[9]. Despite rising disease 

incidence, the clinical utility of conventional 

pharmacotherapies remains constrained by 

therapeutic limitations, driving significant clinical 

interest in botanical bioactives for their favourable 

toxicological profiles and reduced adverse 

effects[10]. However, the clinical translation of 

many phytochemicals is frequently constrained by 

poor membrane permeability, low lipophilicity, 

and structural complexity, which collectively 

impair their systemic bioavailability and attenuate 

their therapeutic efficacy. 

 To circumvent these biopharmaceutical 

limitations, phytosomes, amphiphilic 

phospholipid bioactive complexes, have emerged 

as an advanced delivery platform engineered to 

augment the physicochemical stability, membrane 

permeability, and cellular internalisation of 

phytochemicals [11]-[14].  
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In contrast to previous reviews, which broadly 

discussed the applications of phytosomes, the 

current work focuses specifically on the use of 

phytosomes in wound care. Moreover, it discusses 

formulation hurdles and delivery limitations, with 

different context-specific strategies. The 

discussion not only enriches current knowledge 

but also highlights the continuous development of 

phytosomal preparations and their action in 

modern wound management. 

Wound Healing Pathophysiology 

The healing of a wound is a biological process that gets 

activated through a cascade of events following an 

injury Table 1. The diagrammatic representation of 

wound healing phases is given in Figure 1. 

Table 1: Phases of Wound Healing 

Phase Phase illustration Duration References 

Phase: 

Homeostasis 

During the early stage of an injury, the blood 

clotting cascade mechanism starts to prevent 

fluid loss. As a result, platelets get activated 

and aggregate near the collagen. Followed by 

these, there is activation of the thrombin 

enzyme, which leads to the formation of fibrin, 

which aggregates the platelets to a stable clot. 

5-10 

minutes 

[12], [15] 

Phase: 

Inflammatory 

After homeostasis, neutrophils become the first 

immune cells to respond. They produce their 

anti-inflammatory substances and secrete pro-

inflammatory cytokines with 

degradative enzymes. They infiltrate the lesion 

and phagocytose cellular debris to 

secrete growth factors important for tissue 

regeneration. 

24-78 

hours 

[16] 

Phase: 

Proliferative 

The phase is followed by activation of 

fibroblasts, which initiates extracellular matrix 

deposition, forms granulation tissue, promotes 

angiogenesis, and promotes reepithelialisation. 

3-21 days [17] 

Phase: 

Remodelling 

The fibroblasts, along with matrix 

metalloproteinase, mediate collagen 

remodelling, leading to maturation of 

granulation tissue to scar tissue. Myofibroblasts 

promote wound contraction, Keratinocytes 

induce TGF-β essential in the development 
of scar tissue. 

21 days- 2 

years 

[18] 
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Figure 1 schematic representation of wound healing stages 

Phytosomes 

Wounds display an impaired cellular response, 

with continued inflammation and poor diffusion of 

medicine into the dermal layers. As a result, it is 

necessary to develop novel delivery systems to 

overcome these constraints. Phytosomes, being 

one of them, enhance wound healing; as a result, 

the study of their structure and 

characteristics is necessary. Phytosomes are made 

by chemically bonding a small number of 

molecules together [19]. Phospholipids exhibit a 

cohesive force on polyphenolic compounds to 

form a supramolecular adduct, forming a stable 

complex [10]. Phosphatidylcholine is an 

amphiphilic lipid composed of a hydrophilic 

phosphatidyl head group and a lipophilic fatty acid 

tail domain. Due to this amphipathic architecture, 

Phosphotidylcholine acts as an interfacial 

mediator between polar and non-polar molecules. 

During phytosome complexation, hydrophilic 

phytoconstituents associate with the polar head via 

non-covalent interactions (such as hydrogen 

bonding), while the lipophilic acyl chains 

encapsulate and shield the bioactive molecule. 

This unique structural arrangement protects the 

phytoconstituents from degradation, thereby 

enhancing both their physicochemical stability and 

bioavailability [20], [21].  

Methods of preparation  

Understanding the nature of these structural 

interactions is essential for choosing suitable 

preparation techniques (Figure 2), as the 

effectiveness and stability of the resulting phyto-

phospholipid complexes are significantly 

influenced by the degree of integration of these 

elements during the formulation process. Some of 

the methods of preparation are  

Solvent evaporation method: The method 

encompasses mixing of plant material and the 

phospholipid, followed by the addition of acetone 

to precipitate phytosomes [22].  

Mechanical dispersion: In this technique, lipids 

solubilised in an organic solvent are combined 

with an aqueous solution containing drugs. The 

solvent is recovered under reduced pressure, 

forming a phyto-phospholipid complex. Recently, 

more sophisticated techniques, such as 

supercritical fluid methods including Gas Anti-

Solvent technique (GAS), Compressed Anti-

Solvent Process (PCA), and Supercritical Anti 
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Solvent Method (SAS), have been utilised for the 

preparation of phospholipid complexes[23].  

Lyophilisation methods: The lyophilisation 

method involves mixing the plant extract and 

phospholipids in suitable solvents to form a 

complex and then isolating the resulting 

phytosomes through a freeze-drying process. This 

technique improves the stability and 

bioavailability of bioactives[24].  

Thin Film Hydration Method: Surfactants, as 

well as cholesterol, are solubilised in solvents, like 

chloroform and diethyl ether. Using a rotary 

evaporator, solvents are evaporated, forming a thin 

lipid film adhering to the flask. This lipid film is 

rehydrated with PBS (Phosphate-Buffered Saline) 

and subjected to sonication, generating MLVs 

(Multilamellar Vesicles). For the preparation of 

enzymosomes, enzymes pre-dissolved in a 

phosphate buffer at an acidic pH were introduced 

into the liposomal suspension to promote their 

encapsulation within the vesicular structure [19], [25].  

Ether injection: Initially, the drug and lipid are 

dissolved in a suitable solvent, which is further 

incorporated into a hot aqueous solvent to promote 

vesicle formation. The behaviour of the 

amphiphilic molecule changes with its 

concentration. At lower concentrations, they 

remain as monomers, whereas at higher 

concentrations they can assemble into an organic 

structure such as spherical, cylindrical, disc-like, 

or sometimes cubic or hexagonal morphologies 

[14], [26].  

Salting Out Process: In this process, the plant 

extracts are solubilised in an inorganic solvent 

which subsequent addition of phospholipids. 

Further addition of n-hexane results in 

precipitation and yields a phospholipid-

extract complex [27]. 

Rotary evaporation method: A definite amount 

of herbal extract and phospholipids is dissolved in 

a water-miscible organic solvent like acetone and 

agitated for several hours at an elevated 

temperature using a Rotary evaporator. As a result 

of the mixing step, a thin film is treated with an 

anti-solvent like n-hexane, which results in 

precipitation leading to phytosome formation. The 

phytosomal preparations are stored in amber 

coloured vials with protected temperature and 

humidity conditions. Using an alternative method, 

phospholipids are dissolved in ether and 

incorporated into a solution that contains 

phytoconstituents. As a result, was the solvent 

evaporates, there is a formation of vesicles. The 

structural organisation of phytosomes is affected 

by the concentration of the amphiphiles. At lower 

concentrations, they exist as monomers, whereas 

as concentrations increase, they yield intricate 

vesicle structures like spherical, cylindrical, disc-

like, cubic or hexagonal formations [23], [28]. 

Anti-solvent precipitation technique: Numerous 

investigations have examined anti-solvent 

methodologies, including the application of n-

hexane to precipitate pharmaceutical substances 

from mixtures of phospholipids and organic 

solvents. One patented approach utilised n-hexane 

as the anti-solvent with dichloromethane as the 

reaction medium to form a complex of 

andrographolide and phytophospholipid, followed 

by solvent removal and subsequent vacuum 

drying. In another research effort, anhydrous 

cosolvent lyophilisation was employed to 

formulate a rutin-phospholipid complex, where 

each component was initially dissolved in 

methanol. Upon mechanical mixing and 

evaporation of the solvent, the resulting complex 

exhibited an amorphous structure rather than a 

crystalline one, with the most favourable outcomes 

observed at a drug-to-phospholipid ratio[26], [29]. 
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Figure 2 various strategies used in the formulation of phytosomes 

Phytosomes: the smart structure for better 

herbal drug delivery  

A range of preparation methods, which comprises 

thin-film hydration, solvent evaporation and anti-

solvent precipitation, has been utilised to create 

stable and efficient phytosomal formulations. 

Driven by advancements in drug delivery, 

significant research focus has been shifted towards 

characterising the structural dynamics of 

phytosomes. Specifically, the phospholipid-based 

architecture plays a pivotal role in optimising the 

transdermal absorption, membrane permeability 

and targeted delivery of essential bioactive phyto 

constituents during tissue regeneration and wound 

repair. Maximizing the full therapeutic potential of 

plant-derived bioactive fundamentally hinges 

upon the integration of phytosomal delivery 

systems [30]. Phytosomes minimise the risk of 

unfavourable immunological effects and exhibit 

biochemical stability[31]. The favourable safety 

and biocompatibility profiles of phytosomal 

delivery systems render them highly effective for 

targeted localised delivery. By insulating sensitive 

phytochemicals from environmental destabilisers 

such as light, molecular oxygen, and ambient pH 

fluctuations, phytosomal complexation prevents 

premature degradation, resulting in improved 

bioaccessibility, structural integrity, and sustained 

radical-scavenging activity[32], which are vital for 

the pathway of wound healing and facilitate 

enhanced absorption within the dermal layers.[33], 

[34] The overall absorption profile is fundamentally 

depends upon optimal lipophilic-hydrophilic 

partitioning inherent to both the plant bioactive 

and the phytosomal carrier.[35] The existence of a 

large functional group, such as a glycoside and 

hydroxyl in their structural configuration, hinders 

the absorption of phytonutrients. The substantial 

molecular size of these compounds leads to poor 

membrane permeability, restricting the 

bioavailability of the phytochemicals such as 

flavonoids, phenolics, and glycosidic aglycons. 
[36], [37] 

Encapsulating these bioactives within phytosomal 

matrices facilitates transcellular transport, 

significantly enhances dermal penetration, and 

amplifies topical therapeutic efficacy. 

Consequently, optimising phytosomal formulation 

parameters is paramount for maintaining a 

sustained, therapeutically effective intradermal 

concentration over an extended residence time. 

Owing to their structural homology with biological 
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cell membranes, phospholipid-based delivery 

platforms seamlessly permeate lipophilic 

epidermal barriers without eliciting cytotoxicity or 

compromising cellular integrity. [38] 

Essential oils possess considerable antibacterial 

potential in wound management; however, their 

high volatility can compromise their stability and 

therapeutic utility. Incorporation of essential oils 

into phytosomal complexes can minimize their 

evaporation, enhance chemical stability, and 

preserve the integrity of their bioactive 

constituents without altering their fundamental 

properties[39]. Such encapsulation may 

consequently improve their therapeutic 

performance, particularly their antimicrobial 

activity. Furthermore, nanosized phytosomal 

systems can facilitate enhanced tissue penetration 

by reducing diffusion barriers, thereby promoting 

more effective delivery of essential oils to the 

wound site [40]. 

Working Principle of Phytosomes 

Phytosomes facilitate wound repair through multi-

faceted synergistic mechanisms. By significantly 

improving the bio accessibility of complex 

phytoconstituents, these platforms promote 

efficient localised cellular uptake and tissue 

absorption within the injury site [41]. In addition to 

this, they facilitate the liberation of anti- 

inflammatory cytokine IL-10 and can inhibit the 

synthesis of pro-inflammatory cytokines such as 

IL-4 and IL-7, which will significantly reduce 

inflammation. Furthermore, it also contributes by 

displaying its antibacterial, antioxidant, and 

collagen-boosting properties as studied in 

carvacrol-loaded phytosomes[42]. Phospholipid 

complexation significantly enhances both the 

transmembrane permeation and bioavailability of 

phytochemicals, thereby facilitating their passive 

diffusion across semipermeable biological 

membranes [43]. Collectively, these 

physicochemical attributes enable phytosomes to 

penetrate target lesion sites more efficiently, 

thereby accelerating tissue regeneration and 

wound healing dynamics [44]. These delivery 

platforms play a pivotal role in encapsulating and 

translocating key bioactive phytochemicals, 

specifically tannins, terpenoids, and flavonoids, 

which constitute the primary therapeutic 

constituents in numerous botanical medicines [43] 

Furthermore, phytosomes aid in tissue 

remodelling, encouraging the genesis of newer 

blood vessels, also termed angiogenesis (Figure 3). 

It also enhances the formation of cells, increasing 

fibroblast activity [45]. Angiogenesis as well as 

collagen synthesis will accelerate the process of 

wound healing [46]. Moreover, anti-microbial and 

antioxidative activity will suppress the growth of 

bacteria during the process of wound healing [47]. 

Phytosomes are suitable for the targeted delivery 

of the active phytoconstituent and prolonged 

remedial effects [48].   The mechanistic overview of 

phytosomes in wound healing is illustrated in 

Figure 3 
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Figure 3: Mechanistic overview of phytosome-mediated wound healing 

Contributions of phytosomes in wound 

restoration 

Multiple studies have been conducted to explore 

the antibacterial, antioxidant, anti-inflammatory 

and consequences of phytoconstituents on the 

production of procollagen with respect to wound 

restoration. All these actions can be achieved by 

complexing the natural phytochemicals into the 

phytosome[42]. Oregano essential oil consists of a 

natural phytoconstituent, carvacrol (CAR), which 

plays a major role in wound repair [49]. It modulates 

the immune response at the inflammatory stage by 

inhibiting the formation of pro-inflammatory 

cytokines, which accounts for redness and 

swelling and increases the production of IL- 10 

and other anti-inflammatory cytokines. It also 

counters the progression of effects generated by 

inflammatory mediators, namely IL-1, IL-4, IL-17 

and (Cyclooxygenase) COX-2, depleting the 

inflammation[50] CAR speeds up the process of 

angiogenesis, collagen deposition and re-

epithelialization in the proliferative phase, which 

are also aided by the increased level of TGF-beta 

and VEGF (Vascular Endothelial Growth Factor). 

Additionally, CAR exhibited anti-bacterial 

property against pathogens like Staphylococcus 

aureus and Staphylococcus epidermidis [42]. 

The antibiotic free hydrogel encapsulated in 

phytosomes and chitosomes such as Hydrogel-

Eugenol (HG-Eu), 

HydrogelPhytosome@Eugenol (meaning eugenol 
encapsulated into phytosomes within a hydrogel) 

(HGPhyt@Eu), and Hydrogel-

Phytosome/Chitosome@Eugenol (meaning 

eugenol encapsulated into both phytosomes and 

chitosomes within a hydrogel) (HG-

Phy/Chit@Eu) were administered topically to the 

infected wounds. Their application led to a 

sustained release of the natural phytochemical, 

which further magnified their antibacterial action 

against both Gram-negative and Gram-positive 

bacteria. HG-Phyt/Chit@Eu displayed efficient 

wound restoration by depleting the bacteria which 

in turn decreases the amounts of inflammatory 

biomarkers namely (4-Hydroxynonenal) 4-HNE, 

COX-2, (Inducible Nitric Oxide Synthase) iNOS 

and (Nuclear Factor Kappa light-chain enhancer of 

activated B cells) NF-κB, and will enhance the 
expression of (Collagen Type I Alpha) COL-1A 
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and (Nuclear Factor Erythroid 2 Related Factor 2) 

which are essential for tissue regeneration. All 

these effects suggest that HG-Phyt/Chit@Eu is an 

effective and safer replacement for antibiotics like 

mupirocin for treating infected wounds [47] 

Moreover, leucoselect phytosome, alpha-lipoic 

acid and Ginkgo Biloba have been thoroughly 

examined for wound healing properties [51]. These 

formulations restored diabetic wounds, reducing 

wound size, promoting tissue repair over time, and 

alleviating pain. 

Additionally, Sinigrin-Loaded phytosomes 

demonstrate improved stability and promote 

accelerated wound closure, achieving a 

remarkable 71% closure within 42 hours during 

tests on skin cells and clinical trials, without any 

evidence of toxicity [12].  

Furthermore, crocetin derived from Nyctanthes 

arbor tristis phytosomal formulation bolstered 

wound healing, thereby reinforcing the integrity of 

the repaired skin [52]. 

Lim A-W et al investigated the wound-repairing 

efficacy of a phytosomal formulation derived from 

Moringa Olifera leaf extract, achieving 94.8% 

wound closure within 24 hours at an optimal 

dosage. Phytosomes potentiated the topical 

delivery of the extract[53]  

Curcumin-loaded phytosomes have demonstrated 

significant anti-inflammatory effects primarily in 

rat models, by inhibiting NF-κB activation.  

Moreover, phytosome-based wound healing 

formulations incorporating diverse botanical 

extracts are discussed in Table 2. Certain 

formulations have shown better bioavailability and 

sustained release properties, thus contributing to 

faster wound contraction and less scarring. In 

general, nanophytosomal delivery systems have 

proven to be effective applications to enhance 

wound healing properties  

Table 2: Phytosomal preparations for wound healing 

Sr. no. Formulation Key Property Reference 

1.  Rhodiola rosea Phytosomal Gel improved wound healing, 

complete tissue regeneration and 

collagen deposition 

[54] 

2.  Phytosomal gel of Annona 

squamosa and Cinnamomum 

tamala leaves ethanolic extracts 

Antimicrobial and antioxidant 

properties 

[55] 

3.  Pumpkin Seed Oil Nano Phytosome 

Loaded Lidocaine 

Enhanced vascularity and 

fortified collagen fibers. 

Stimulated the formation and 

migration of fibroblasts and 

mitogenesis, improved re-

epithelialization 

[56] 

4.  Curcuma longa L. and Plumbago 

zeylanica L. 

Improved wound contraction 

and decreased time for 

epithelialization 

[57] 

5.  Naphthoquinone-Rich root bark of 

Onosma echioides 

enhanced contraction and tensile 

strength, decrease in lipid 

[58] 
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peroxidation, and increased 

catalytic activity 

6.  White Ginger Phytosome Gel Development of granulation 

tissue and epithelialization. 

[59] 

7.  Polysiloxane-based gel loaded with 

resveratrol and quercetin 

Prevented dehydration and scar 

formation 

[60] 

8.  Moringa oleifera leaf extract–loaded 

phytophospholipid complex 

Improved NHDF (Normal 

Human Dermal Fibroblast) cell 

migration without cytotoxic 

effect. 

[55] 

9.  PEGylated (polyethylene glycol) 

Nanophytosomes Loaded with 6-

Gingerol 

 

Reduced inflammatory markers 

and cytokines, and improved 

wound healing 

[61] 

10.  Geraniol nanophytosomes loaded into 

polyvinyl alcohol 

Decrease bacterial colonization, 

reduced inflammation, promoted 

angiogenesis, and improved the 

expression of COL1A. 

[62] 

11.  Novel Mangiferin-Infused Phytosomal 

Gel 

Enhanced bioavailability, 

regulated release, and 

accelerated wound contraction 

within 14 days 

[63] 

12.  Gold nanoparticle loaded phytosomal 

systems 

demonstrated antioxidant 

capabilities and enhanced 

wound healing effects 

[28] 

13.  Spirulina platensis Nanophytosomes reduced inflammatory markers 

and apoptotic processes, 

downregulated HMGB1(High 

Mobility Group Box 1) 

[64] 

Challenges and limitations 

Despite their therapeutic potential, phytosomal 

formulations encounter several biopharmaceutical 

and commercial constraints. Physicochemical 

susceptibility to environmental stressors such as 

photooxidation, thermal degradation, and 

atmospheric oxidation demands specialised 

primary packaging. Furthermore, high supply cost 

for pharmaceutical-grade phospholipids, supply 

chain scarcity of standardised botanical extracts, 

and complex compounding parameters for topical 

hydrogel incorporation pose significant hurdles. 

Clinically and industrially, potential cutaneous 

hyperreactivity, stringent regulatory landscape, 

batch-to-batch quality control challenges, and the 

requirement for specialised scalable 

manufacturing processes collectively impede their 

commercial translation[65]. A significant challenge 

in advancing research is the paucity of available 

clinical trial data in wound healing, which impedes 

the optimisation of future investigations [44]. Post 

formulation safety evaluation remains a 

formidable bottleneck in the clinical translation of 

phytosomal delivery platforms. Despite the 

biological inertness of constituent phospholipids, 

rigorous toxicological and pharmacokinetic 

profiling specifically evaluating biocompatibility 
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alongside in vivo absorption, distribution, 

metabolism, and excretion dynamics is 

indispensable. Furthermore, advanced pH 

responsive phytosomal architectures engineered to 

optimize site - specific absorption introduces 

added complexity, presenting heightened 

regulatory and toxicological challenges regulatory 

and toxicological challenges [43]. 

Future aspects to be considered 

Despite the expandability and legal obstacles, 

phytosomes put forward a constructive modern 

remedy serving healthcare and patients[44]. 

(Epigallocatechin-3-gallate) EGCG-loaded 

phytosomes obtained from green tea have anti-

inflammatory and antioxidant properties, helping 

tissue repair, but two factors, namely clinical 

evidence and stability, limit their use[66]. 

Phytosomes represent an advanced drug delivery 

platform that holds distinct therapeutic promise 

across various pathological conditions, including 

chronic diabetic wounds, by successfully 

mitigating biopharmaceutical challenges related to 

physicochemical stability, aqueous solubility, 

membrane absorption, and systemic 

bioavailability [67]. Studies specify that their 

pharmacokinetic profile is preferable to other 

delivery systems like liposomes [48]. Modern 

analytical techniques such as HPLC are regularly 

implemented for standardisation and efficacy 

testing of phytosomal formulations[65]. Overall, 

phytosomes serve a salient function of 

contributing a more efficacious, safer, and targeted 

approach to wound healing [44]. Furthermore, the 

spectrum of phytosomes is extensive when the 

focus is on elucidating the mechanisms 

accountable for phytosomes' effective delivery to 

improve their therapeutic efficiency in wound 

restoration by restricting their side effects [47]. 

CONCLUSION  

In summary, phytosomes represent a promising 

phospholipid-based delivery platform for 

enhancing the therapeutic potential of plant-

derived bioactives in wound management. By 

improving the stability, solubility, dermal 

penetration, and bioavailability of 

phytochemicals, phytosomal formulations may 

potentiate their anti-inflammatory, antioxidant, 

pro-angiogenic, fibroblast-promoting, and 

collagen-regulating activities across the different 

phases of wound repair. Their ability to improve 

the delivery and therapeutic performance of poorly 

bioavailable phytoconstituents provides an 

important bridge between traditional phytotherapy 

and contemporary drug-delivery technologies. 

However, despite encouraging preclinical 

evidence, the clinical translation of phytosomal 

wound-healing systems remains limited by 

challenges related to formulation optimization, 

manufacturing scalability, quality control, 

stability, regulatory requirements, and the paucity 

of well-designed long-term clinical studies. Future 

research should therefore focus on establishing 

robust structure–activity and formulation–
performance relationships, standardizing 

manufacturing processes, and generating 

comprehensive clinical evidence to determine the 

safety, efficacy, and therapeutic value of 

phytosomes in advanced wound care. 

ABBREVIATIONS 

• DFUs: Diabetic Foot Ulcers 

• TGF-β: Transforming Growth Factor Beta  
• GAS: Gas Anti-Solvent Technique 

• PCA: Compressed Anti-Solvent Process  

• SAS: Supercritical Anti-Solvent Method 

• PBS: Phosphate-Buffered Saline 

• MLVs: Multilamellar Vesicles 

• IL: Interleukins 

• CAR: Carvacrol  

• COX: Cyclooxygenase 
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• VEGF: Vascular Endothelial Growth Factor 

• 4-HNE: 4-Hydroxynonenal  

• iNOS: Inducible Nitric Oxide Synthase  

• NF-κB: Nuclear Factor Kappa  
• COL-1A: Collagen Type I Alpha 

• Nrf2: Nuclear Factor Erythroid 2–Related 

Factor 2 

• NHDF: Normal Human Dermal Fibroblast 

Cells  

• HMGB: High Mobility Group Box 1 

• EGCG: Epigallocatechin-3 Gallate  
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